conserving biodiversity. In this context, manual radio-tracking is a primary means for 17 understanding the movement of freshwater fish. Our aim was to determine the 18 suitability of using linear or area-based estimates to quantify diel use of space by 19 
estimates. We encountered problems with MCPs that were not associated with 23 outlying radio-fixes. MCPs were more likely to overlap with land as the extent of an 24 individual's range increased. Corrections were applied to account for land intersecting 25 with MCPs (33.1% of cases) however, underestimates of diel range occurred in most 26 of these cases. MCPs were also small despite substantial movement along one 27 dimension if individuals only occupied straight-edged sections of the reservoir and did 28 not traverse bays or peninsulas (8.1% of estimates). Mean (± s.e.) diel range length 29 was 516 m ± 89 (n = 23) and records varied from 6 to 1972 m. In waterways with 30 convoluted shorelines, linear estimates of diel range are more reliable than area-based 31 estimates derived from manual radio-tracking. 32
33

Introduction 39 40
Globally, freshwater fishes and freshwater ecosystems are confronted with a range of 41 anthropogenic impacts, with habitat loss a major issue (Maitland 1995; Abell et al. 42 2008) . Consequently, an understanding of the spatial ecology of threatened freshwater 43 fishes is an important part of biodiversity conservation and fisheries management 44 (Fausch et al. 2002; Rice 2005 ). Observational studies have been used to compile 45 detailed records of the spatio-temporal behaviour of fishes in high-visibility aquatic 46 systems (e.g. Jones 1984; Nakano 1995) . In freshwater environments, including in 47 low-visibility conditions or where a species is highly mobile, radio-tracking has 48 proven useful for recording the behaviour of large-bodied freshwater fishes and has 49 contributed to an increase in understanding of fish movement at the individual and 50 population level. Radio or acoustic tracking studies of fishes in lotic environments 51 customarily report home-range or diel range as the distance occupied along the 52 longitudinal dimension of the stream (e.g. Bunnell et al. 1998; Crook 2004a, b) and/or 53 as area-based estimates (e.g. Thiem et al. 2008) . In contrast, area-based estimates are 54 common in tracking studies of lentic fishes (e.g. Guy et al. 1994; Paukert et al. 2004 ; 55 Mlewa et al. 2005) . This difference in reporting linear versus area-based estimates of 56 range has the potential to bias our understanding of the spatial behaviour of fishes 57 (Thiem et al. 2008) . For instance, focusing on longitudinal movement in lotic waters 58 ignores the importance of lateral movement in these environments. Conversely, 59
resolving the lateral position of fishes in linear (often lotic) systems can be difficult 60 and therefore costly, and may be of no immediate value in a particular study (e.g. in 61 migrational studies). 62
A home-range is often defined as the area repeatedly used by an individual in 63 regular day-to-day activity (e.g. Gerking 1953, Mace and Harvey 1983) . However, 64 studies of the movements of riverine fish generally measure home-ranges at arbitrary 65 temporal scales, including among a few days (e.g. Thiem et al. 2008) , seasonally (e.g. 66 Snedden et al. 1999) or on an annual scale (e.g. Hesthagen 1990 ). The temporal scale 67 and resolution of a study has major bearing on the measurement of home-range size 68 (Baras 1998 Fig.  159 1). However, diel range area was an inconsistent indicator of diel range and led to 160 underestimates in two types of circumstance (Fig. 1) . First, a diel range was broken 161 into two or more fragments as a result of individuals occupying aquatic locations 162 either side of at least one landmass (i.e. a peninsula, an island) without an 163 intermediate location (e.g. Fig. 2a ). This occurred in 33.1% of diel range estimates 164 (based on 136 diel range estimates) and was common in diel ranges of length > 500 m 165 (Fig. 1) . Second, when all locations were aligned by chance (e.g. Fig. 2b ), very small 166 ratios of area to length were obtained. This occurred in 8.1% of diel range estimates 167 and is typified by estimates along or close to the X-axis in a plot of diel range area 168 against diel range length (Fig. 1) We conclude that estimates of diel range arising from manual radio-tracking of 216 highly mobile fishes should be interpreted with caution. Our findings are unlikely to 217 be unique to Macquarie perch and are probably relevant to any species that moves at a 218 comparable scale or greater than that of the convolution of a shoreline. This problem 219 is less relevant to species with small ranges relative to the scale in sinuosity of a 220 stream or lake edge. Linear range estimates are likely best for comparing high and low 221 mobility species or where the shoreline has different scales of sinuousity in the 222 shoreline across studies (as is likely when comparing lentic and lotic systems). (Table 1) . Furthermore, the largest diel ranges recorded in the current 230 study approach the linear extent of the reservoir (~2 km) and it would be interesting to 231 determine if the diel range of Macquarie perch remains the same in much larger 232
reservoirs. 233
The scale of diel movement recorded in the current study is generally greater 234 than that reported for other large-bodied percichthyids in rivers where identical radio-235 tracking schedules (or higher temporal resolution) have been used (Thiem et al. 2008 Table 1 Linear and area-based diel range estimates resulting from radio-tracking 22 adult Macquarie perch over two or more diel radio-tracking periods. *Individual rejected original radio-tag and was radio-tagged a second time.
Fig. 1.
Reduced estimates of diel range area arising from complete division by landmasses (i.e. peninsula or island)(landmass-affected) or the chance linear alignment of all seven locations resulting from four-hourly radio-tracking (aligned) compared with those estimates unaffected by landmass (landmass-unaffected).
Fig. 2.
Examples of underestimation of diel range area based on four-hourly radiotracking where a) fragmentation of the diel range area by landmasses occurred, or b) all seven fixes were aligned (Note: two radio-tracking fixes had an identical location).
